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ABSTRACT
) Intermediate mass black holes (103–105 M⊙) in the center of dwarf galaxies are be-
lieved to be analogous to growing Active Galactic Nuclei (AGN) in the early Universe.
Their characterization can provide insight about the early galaxies. We present optical
and near-infrared integral field spectroscopy of the inner ∼50 pc of the dwarf galaxy
NGC4395, known to harbor an AGN. NGC4395 is an ideal candidate to investigate
the nature of dwarf AGN, as it is nearby (d ≈ 4.4 Mpc) enough to allow a close look
at its nucleus. The optical data were obtained with the Gemini GMOS-IFU covering
the 4500 A˚ to 7300 A˚ spectral range at a spatial resolution of 10 pc. The J and K-
band spectra were obtained with the Gemini NIFS at spatial resolutions of ∼5 pc. The
gas kinematics show a compact, rotation disk component with a projected velocity
amplitude of 25 km s−1. We estimate a mass of 7.7 × 105 M⊙ inside a radius of 10 pc.
From the Hα broad line component, we estimate the AGN bolometric luminosity as
Lbol = (9.9 ± 1.4) × 10
40 erg s−1 and a mass MBH = (2.5
+1.0
−0.8
) × 105 M⊙ for the central
black hole. The mean surface mass densities for the ionized and molecular gas are in
the ranges (1–2)M⊙ pc
−2 and (1–4)×10−3M⊙ pc
−2 and the average ratio between ion-
ized and hot molecular gas masses is ∼500. The emission-line flux distributions reveal
an elongated structure at 24 pc west of the nucleus, which is blueshifted relative to
the systemic velocity of the galaxy by ≈30 km s−1. We speculate that this structure is
originated by the accretion of a gas-rich small satellite or by a low metallicity cosmic
cloud.
Key words: galaxies: individual (NGC 4395); galaxies: kinematics and dynamics;
galaxies: active; galaxies: dwarf; galaxies: Seyfert
1 INTRODUCTION
One of the most notable astrophysical discoveries of the
past 3 decades is that supermassive black holes (SMBHs)
with masses of MBH ∼ 10
7 − 109 M⊙ are common –
⋆ E-mail: carinefisica@gmail.com
maybe ubiquitous – at the center of massive galaxies
(e.g. Kormendy & Ho 2013). Certain fundamental questions
about SMBHs, however, remain to be answered: How were
the ‘seeds” of black holes formed? How have SMBHs grown
over cosmic time? Have they influenced the evolution of their
host galaxies, and if so, how? Massive galaxies are thought
to have grown through a succession of mergers with other
galaxies, and efficient accretion of large amounts of merger-
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supplied gas accounts for the bulk of the black hole growth
in the Universe. These processes, however, rapidly obscure
the formation history these SMBHs. They may not repre-
sent the initial growth of a SMBH from its 103 − 105 M⊙
seed, erasing the effects of a small nascent Active Galactic
Nucleus (AGN) on its surroundings.
Simulations suggest that radiative feedback from pri-
mordial “miniquasars” shapes the star formation around
them and strongly suppresses their subsequent growth
(Jeon et al. 2012). Such processes are impossible to study
in high-redshift objects with current facilities. AGN in lo-
cal dwarf galaxies, though, offer an opportunity to study
relatively small SMBHs (∼105-106 M⊙) that may be grow-
ing in a way that is analogous to the first kind of such
objects. Despite this utility, the first significant numbers
of AGN-hosting dwarf galaxies have only recently been
discovered (Greene & Ho 2004, 2007; Dong et al. 2012;
Reines et al. 2013), as the community has concentrated
its efforts on massive galaxies and the galaxy-SMBH co-
evolution suspected on the basis of the well-known MBH -σ
relation (e.g. Gebhardt et al. 2000; Ferrarese & Merrit 2000;
Ferrarese & Ford 2005; Kormendy & Ho 2013). However the
association of intermediate black holes with AGN is still in
debate and a recent work by Chilingarian et al. (2018) con-
firmed the AGN nature of only ten sources of a sample of
305 candidate galaxies of harboring intermediate mass black
hole. For example, high quality integral field spectroscopy
of He 2-10, a well known candidate of harboring an inter-
mediate mass black hole, show no sign of an central AGN
(Cresci et al. 2017).
Near-infrared (near-IR) and optical Integral Field
Unit (IFU) observations have been carried out on nu-
merous Seyfert AGN at resolutions of a few ×10 pc, the
spatial scales thought necessary to probe fueling and
feedback in low-luminosity objects (Hicks et al. 2013).
This has uncovered, for example inflows of molecular
(e.g. Riffel et al. 2008; Mu¨ller-Sa´nchez et al. 2009, 2018b;
Riffel, Storchi-Bergmann, & Winge 2013; Davies et al.
2014) and ionized (e.g. Schnorr–Mu¨ller et al. 2014b) gas and
outflows of ionized gas sometimes much larger than the AGN
accretion rate (e.g. Riffel, Storchi-Bergmann, & Winge
2013; Riffel 2013; Lena et al. 2015; Mu¨ller-Sa´nchez et al.
2011, 2018a; Rodr´ıguez-Ardila et al. 2017). Hints of a
relation between starburst age and Eddington ratio have
also been observed, which suggest that star formation
activity predates AGN activation by ≈100 Myr, and that
stellar winds have a influence on AGN fueling (Davies et al.
2007). Rings of intermediate-age stars, consistent with a
scenario in which the formation of the stellar ring triggered
an episode of nuclear activity are seen for some galaxies
(Riffel et al. 2010b, 2011; Diniz et al. 2017), evidence of
relatively young nuclear stellar populations and nuclear gas
reservoirs in Seyferts that are not detected in quiescent
galaxies (Hicks et al. 2013; Mallmann et al. 2018).
As a first step towards understanding the growth of
small SMBHs, detailed analysis of the gas kinematics ion-
ization structure and gas morphology must be carried out in
dwarfs hosting AGNs. In this context, NGC4395 is a dwarf
spiral galaxy located at a distance d ≈ 4.4 Mpc (1′′ ≈20 pc)
(Den Brok et al. 2015), whose broad optical emission lines,
X-ray variability and radio jet unambiguously reveal the
presence of an accreting SMBH (Filippenko & Sargent 1989;
Shih & Fabian 2003; Wrobel & Ho 2006). Repetto et al.
(2017) using SDSS imaging estimated its stellar mass as
3.82×108 M⊙ . A striking characteristic of NGC4395 is that
it is a bulgeless spiral galaxy, harboring a Seyfert 1 nucleus,
which defies the correlation between the mass of the central
black hole and the mass of the bulge that suggests that the
growth of the black hole and the galaxy bulge are coupled.
In addition NGC 4395 is one of the lowest mass galaxies
with a well determined dynamical mass for its central black
hole (Den Brok et al. 2015). This makes NGC4395 unique
and worthy of a detailed study of its central region.
Reverberation mapping sets the mass of the SMBH
of NGC4395 as MBH(3.6 ± 1.1) × 10
5 M⊙ (Peterson et al.
2005). A similar value of MBH is also obtained by mod-
eling the dynamics of the molecular gas in NGC4395, re-
sulting in MBH = 4
+8
−3
× 105 M⊙ (Den Brok et al. 2015). An
optical continuum image obtained with the Hubble Space
Telescope (HST) using the Wide-Field Planetary Camera
2 (WFPC2) and F606W filter reveals an emission structure
(hereafter“blob”) at 1.′′2 of the nucleus (Martini et al. 2003),
which has been interpreted as an ionized gas cloud whose
line emission lies within the bandwidth of the F606W fil-
ter (Den Brok et al. 2015). However, the nature of this blob
is still not clear and its study represents a secondary moti-
vation to obtain high-resolution integral field spectroscopy
(IFS) of the central region of NGC4395, which allows not
only the mapping the gas emission, but also its kinematics.
This work is organized as follows: Section 2 presents
a description of the observations and data reduction pro-
cedures. Sec. 3 shows the emission-line flux distributions,
line-ratio maps, velocity fields and velocity dispersion maps.
These maps are interpreted and discussed in Sec. 4 and the
conclusions of this work are presented in Sec. 5.
2 OBSERVATIONS AND DATA REDUCTION
Optical IFS data of NGC4395 were obtained with the Gem-
ini Multi-Object Spectrograph (GMOS) IFU on Gemini
North Telescope, covering a spectral range 4500–7300 A˚. The
Near-IR data were collected with the Gemini Near-infrared
Integral Field Spectrograph (NIFS) at the J and K bands,
covering the spectral ranges 1.15–1.35 µm and 2.01–2.43 µm,
for the J- and K-band, respectively. The details of the obser-
vations and data reduction procedures are discussed in the
following sections.
2.1 The optical IFU data
NGC4395 was observed on 2015, June 13 with the GMOS
IFU under the program ID: GN-2015A-DD-6 (PI: Mason,
R.). We used the one-slit mode, in order to obtain a spec-
tral range that includes both the strongest emission lines in
the blue (Hβ and [O iii]λλ4959,5007) and in the red (Hα,
[N ii]λλ6548,6584 and [S ii]λλ6716,31), commonly observed
in active galaxies. For this configuration, the GMOS IFU
science field of view (FOV) is 5.′′0×3.′′5. The observations
were comprised of four individual exposures of 720 s, result-
ing a total time of the 48 minutes with the spectra centered
at λ5900 A˚.
Data reduction was performed using the Image Reduc-
tion and Analysis Facility (IRAF, Tody 1986, 1993) pack-
MNRAS 000, 1–19 (2016)
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Figure 1. Left panel: large-scale image of NGC4395 at R-band (Cook et al 2014). Right panels: optical (top) and K-band (bottom)
continuum images obtained from the GMOS and NIFS data cubes, respectively. The color bars show the fluxes in logarithmic units of
erg s−1 cm−2 A˚−1 spaxel−1. The central box shown in the left panel corresponds to the GMOS FoV.
ages provided by Gemini, using specific tasks developed for
GMOS data in the gemini.gmos package and followed the
standard procedure of spectroscopic data reduction (see,
Lena 2014). During the reduction process the bias level was
subtracted from each image, followed by flat-fielding and
trimming of the spectra. The wavelength calibration was
applied to the science data using as reference the spectra of
arc lamps, followed by cosmic ray removal and the subtrac-
tion of the underlying sky emission. The flux calibration was
done by constructing a sensitivity function using the spectra
of the standard star EG131 observed at the same night of
the galaxy’s observations.
Finally, data cubes for each exposure were constructed
with a spatial sampling of 0.′′05×0.′′05, aligned using the peak
of the continuum emission as reference and then median
combined to a single cube using the imcombine iraf task
together with a sigma clipping algorithm to remove spuri-
ous features. The final data cube of NGC4395 covers the in-
ner 3.′′3×4.′′95, after the exclusion of the borders of the FoV,
dominated by spurious data. The flux calibration was ver-
ified by comparing the spectrum of NGC4395 obtained by
the Sloan Digital Sky Survey (SDSS, Abolfathi et al. 2018)
with the GMOS spectrum, extracted within the same aper-
ture. We found that both spectra are mutually consistent,
with flux differences smaller than 5% in most wavelenghts.
The highest discrepancy is seen at the red end of the GMOS
spectrum, where the fluxes obtained from the GMOS data
are about 20% smaller than those obtained from the SDSS
spectrum.
The spectral resolution is 1.8 A˚ (≈90 km s−1) - derived
from the full width at half-maximum (FWHM) of the Ar
lamp emission lines used to perform wavelength calibration
of the spectra. The angular resolution, obtained from the
FWHM of the flux distribution of the broad Hα component,
is 0.′′5, corresponding to 10 pc at the distance of NGC4395.
2.2 The near-IR IFU data
The Adaptive Optics (AO) assisted near-IR J and K-band
observations of NGC4395 were obtained with the Near-
infrared Integral Field Spectrograph (NIFS; McGregor et al.
2013) on the Gemini North telescope, under the programmes
GN-2015A-Q-51 (PI: Mason, R.) and GN-2010A-Q-38 (PI:
Seth, A., from the Gemini Observatory Archive), respec-
tively. The total on source exposure time in the J-band was
3 hr, divided into 10 individual exposures of 480 sec each.
In the K-band the total exposure time was 1.5 hr, divided
into 9 exposures of 600 sec.
The data reduction for the J and K band was performed
following the same procedures used in previous works (e.g.
Riffel et al. 2008; Diniz et al. 2015; Riffel et al. 2017), us-
ing specific tasks contained in the nifs package which is
part of gemini iraf package. The reduction process includes
the trimming of images, flat-fielding, sky subtraction, wave-
length and spatial distortion calibrations. The telluric ab-
sorption features were removed using the spectrum of a tel-
luric standard star – of spectral type A, observed at the same
nights of the galaxy’s observations and the flux calibration
was performed by interpolate a black body function to the
spectrum of the telluric standard star.
For both bands, data cubes for each individual exposure
were created at a spatial sampling of 0.′′05×0.′′05, which were
then median combined using a sigma clipping algorithm to
eliminate the remaining cosmic rays and bad pixels, using
the peak of the continuum as reference for astrometry for the
distinct cubes. The final data cube for the J band covers the
inner 3.′′35× 3.′′25 region and the final cube for the K band
covers the inner 3.′′4 ×4.′′15. The FoV of both cubes is larger
than the NIFS FoV due to the spatial dithering performed
during the observations.
The J-band observations were centered at 1.25 µm. The
spectral resolution of the data is 1.8 A˚, measured from the
FWHM of the arc lamp lines, corresponding to a velocity
resolution of 43 km −1. The angular resolution is 0.′′3, corre-
sponding to 6 pc at the galaxy, as obtained from the FWHM
MNRAS 000, 1–19 (2016)
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Figure 2. Optical and near-IR spectra of NGC4395 obtained from the GMOS and NIFS data cubes, by integrating the fluxes within
a circular aperture of 0.′′25 radius centered at the nucleus and at 1.′′2 west (at the blob). The strongest emission lines of each band are
identified in the nuclear spectrum. The first two plots show the optical spectra, the third and forth plots show the J-band spectra and
the last two show the K-band spectra.
MNRAS 000, 1–19 (2016)
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of the flux distribution of the broad component of the Paβ
emission line. The K-band spectra are centered at 2.2 µm
and have a spectral resolution of 3.3 A˚ (45 km s−1). The an-
gular resolution of the K-band data cube is 0.′′2, obtained
from the FWHM of the flux distribution of the Brγ broad
component emission. This value translates to a physical scale
of 4 pc at the galaxy.
In order to verify the flux calibration of the NIFS data,
we had extracted nuclear spectra in the J and K band us-
ing the same aperture as those of the SDSS spectrum. As
there is no spectral overlap between SDSS and NIFS data
to allow a direct comparison of the spectra, we have fitted
the SDSS spectra by a power law and extrapolated the re-
sulting fit to the J and K bands. We find that the J band
fluxes are consistent with the resulting fit, while the K-band
spectrum shows fluxes 30% smaller than the obtained from
the extrapolated fit. Thus, the uncertainty due to the flux
calibration is estimated to be up to 30% in the K band and
on average smaller than 10% for the J and optical spectra.
3 RESULTS
In the left panel of Figure 1 we present an R band large-scale
image of NGC4395 obtained with the 0.9 meter telescope of
the Kitt Peak National Observatory (KPNO) (Cook et al
2014). Our data cover the very inner region of this image, as
indicated by the small rectangle shown in the figure to illus-
trate the GMOS FoV. The right panels of figure, show the
optical and near-IR continuum images, obtained from the
GMOS and NIFS data cubes, respectively. The optical con-
tinuum image was obtained by averaging the fluxes within
a spectral window of 200 A˚ centered at 5700 A˚. The near-
IR (K band) image was obtained from the NIFS data cube
using a spectral window of 100 A˚ centered at 2.285µm. At
high flux levels both images show nearly circular flux con-
tours. As the spectra of NGC4395 do not show any strong
stellar absorption, the continuum emission is probably from
the AGN. We fitted the nuclear continuum obtained by com-
bining the optical and near-infrared spectra shown in Fig. 2
by a power-law function and found a spectral index of 1.1,
which is consistent with an AGN origin (e.g. Koski 1978;
Kishimoto et al. 2007; Riffel et al. 2009).
In Figure 2 we show sample spectra of NGC4395 ob-
tained from the GMOS and NIFS data. These spectra were
obtained by integrating the fluxes within circular apertures
of 0.′′25 radius centered at the nucleus and at 1.′′2 west
of it – the location of the blob seen in the HST image
(Martini et al. 2003). Here, we define the nucleus as being
the location of the peak flux in the continuum. The apertures
are shown as green circles in the Hα flux map (Fig. 3).
The strongest emission lines are identified in the nu-
clear spectra. The optical nuclear spectrum of NGC4395
shows the Hα, Hβ profiles, [O iii]λλ4959,5007,He iλ5876,
[O i] λλ6300,64 [N ii] λλ6548,84 and [S ii] λλ6717,31 emission
lines.
Several emission lines are observed in the near-IR nu-
clear spectrum of NGC4395. The most prominent lines are
[P ii] λλ1.1471,1.1886, [Fe ii] λλλ1.2570,1.2946,1.3209 and
Paβ λ1.2821 in the J band and H2 λλ2.1218,2.1542,
Brγ λ2.1661 and H2 λλ2.2477,2.4084 in the K-band.
The observed emission lines can be used to map the
flux distribution, excitation, extinction and kinematics of
the molecular, low- and high-ionization gas. Below, we de-
scribe the emission-line profile fitting procedures.
The 2.3 µm CO absorption bandheads which are usu
ally prominent in the spectra of nearby galaxies (e.g.
Riffel et al. 2015b) were not detected in our NIFS data for
NGC4395. Thus, we were not able to measure the stellar
kinematics. These features are expected to be detected on
cold and evolved stars and their absence in the spectra of
NGC4395 could be explained if the continuum emission is
dominated by a young-stellar population, with the spectra
beeing dominated by stars hotter than F0 (see (Reynes et al.
2009)). In addtion, we do not see any important absorption
feature in the spectra of NGC4395, thus, an possibility to
explain the absence of absorption features is that they can
be diluted by the AGN continuum, as observed for nearby
Seyfert galaxies Riffel et al. (2009).
3.1 Emission-line profile fitting
In order to measure the emission-line flux distributions
and gas kinematics in the central region of NGC4395,
we fitted the line profiles of Hα+[N ii] λλ 6548,6584,
[S ii] λλ 6717,6731, [O iii]λ5007, Hβ, H2 λ 2.1218µm, Paβ,
[Fe ii] λ 1.2570µm, [P ii]λ1.8861µm and Brγ at each spaxel
over the whole FOV, by Gaussian curves using a modi-
fied versions of the profit routine (Riffel 2010c). This rou-
tine performs a non-linear least-squares fit of the observed
profiles using the MPFIT-FUN routine (Markwardt et al.
2009).
In order to reduce the number of free parameters,
we adopted the following constraints: the [N ii]+Hα emis-
sion lines were fitted by keeping tied the centroid ve-
locities and line widths of the [N ii] lines and fixing the
[N ii]λ6584/[N ii]λ6548 intensity ratio to the theoretical value
of 2.98, given by the ratio of their transition probabilities
(Osterbrock & Ferland 2006). As NGC4395 has a type 1
AGN, we included in the fit a broad Gaussian component to
represent the contribution of the Broad Line Region (BLR).
As this emission is not spatially resolved by our data, the
width and centroid velocity of the broad component were
kept fixed for all spaxels to the values obtained from the
fitting of the nuclear Hα profile shown in Fig. 2, while their
amplitudes were allowed to vary to enable for smearing by
the seeing. The widths and velocities of the broad compo-
nents of all recombination lines were constrained to the val-
ues measured for the nuclear Hα profile. The choice of the
Hα profile is justified as it is the strongest emission line, the
broad component is well constrained for the nuclear spec-
trum and dust extinction seems to not play an important
role for the nucleus of NGC4395. This is indicated by the
low E(B −V) values (Fig. 5) and the absence of a dust emis-
sion component in the nuclear near-IR spectra (Fig. 2). Sim-
ilar procedures were successfully adopted in previous works
(Brum et al. 2017; Freitas et al. 2018).
The [S ii] doublet was fitted by keeping the centroid
velocity and line width of the two lines tied, while the
[O iii]λ5007, [Fe ii] λ 1.2570µm, and H2 λ 2.1218µm were fit-
ted individually with all parameters free.
In all cases, the continuum emission was fitted by a
linear regression, as the spectral range of each line fit was
small. For each emission line, the fitting routine outputs a
MNRAS 000, 1–19 (2016)
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Table 1. Optical and near-IR emission-line fluxes for the nucleus
and the blob region (1.′′2 west), measured within circular aper-
ture of 0.′′25 using the spectra shown in Fig. 2. The fluxes are
not corrected by extinction and are in units of 10−17 erg s−1 cm−2.
For recombination lines we labeled the broad and narrow line
components as (B) and (N), respectively.
λ0 (A˚) ID Nuc Blob
4658 [Fe iii] 39.3 ± 1.3 −
4685 He ii 189.3 ± 3.4 24.1 ± 2.3
4711 [Ar iv] 33.1 ± 2.5 −
4740 [Ar iv] 38.2 ± 2.1 5.5 ± 1.5
4862 Hβ(N) 809.4 ± 4.0 67.1 ± 1.1
4862 Hβ(B) 1152.0 ± 15.5 −
4959 [O iii] 3137.0 ± 2.3 138.1 ± 1.0
5007 [O iii] 9463.0 ± 2.4 418.6 ± 0.9
5158 [Fe vii] 46.4 ± 4.4 2.1 ± 0.9
5199 [Fe ii] 58.5 ± 3.0 1.3 ± 0.3
5309 [Ca v] 14.9 ± 2.4 −
5316 [Fe ii] 4.1 ± 1.1 −
5335 [Fe vi] 13.8 ± 2.1 −
5518 [Cl iii] 6.6 ± 1.8 −
5537 [Cl iii] 7.1 ± 2.2 −
5577 [O i] 12.1 ± 1.2 −
5720 [Fe vii] 27.3 ± 4.1 −
5754 [N ii] 19.8 ± 1.4 3.9 ± 0.9
5876 He i(N) 80.9 ± 1.2 14.1 ± 0.8
5876 He i(B) 172.6 ± 8.0 −
6087 [Fe vii] 27.4 ± 1.4 −
6300 [O i] 1111.0 ± 1.0 52.6 ± 1.0
6312 [S iii] 64.3 ± 1.0 3.9 ± 0.4
6364 [O i] 183.1 ± 1.1 8.7 ± 0.4
6548 [N ii] 320.1 ± 2.4 17.5 ± 0.3
6563 Hα(N) 3308.0 ± 2.0 182.6 ± 0.3
6563 Hα(B) 6143.0 ± 18.4 −
6584 [N ii] 868.7 ± 2.1 52.8 ± 0.3
6677 He i(N) 22.8 ± 1.1 1.6 ± 0.2
6677 He i(B) 74.6 ± 7.4 −
6717 [S ii] 659.8 ± 1.0 56.9 ± 0.2
6731 [S ii] 887.6 ± 1.1 54.3 ± 0.2
7005 [Arv] 27.6 ± 1.0 −
7064 He i(N) 46.5 ± 1.0 1.7 ± 0.3
7064 He i(B) 110.4 ± 6.9 −
7135 [Ar iii] 242.6 ± 1.2 11.7 ± 0.6
7155 [Fe ii] 35.0 ± 1.2 2.08 ± 0.7
7172 [Fe ii] 10.9 ± 1.5 −
7319 [O ii] 211.9 ± 2.6 7.7 ± 0.3
7329 [O ii] 182.3 ± 2.8 9.5 ± 0.4
1.16296 He ii(N) 25.2 ± 2.1 −
1.16296 He ii(B) 21.2 ± 6.9 −
1.18861 [P ii] 25.2 ± 1.6 4.8 ± 1.0
1.25702 [Fe ii] 176.3 ± 3.6 11.3 ± 1.2
1.28216 Paβ(N) 261.4 ± 2.0 22.3 ± 1.0
1.28216 Paβ(B) 754.3 ± 13.2 −
1.29462 [Fe ii] 20.7 ± 1.5 0.6 ± 0.3
1.32092 [Fe ii] 50.1 ± 4.6 2.5 ± 0.8
2.03376 H2 16.9 ± 1.6 3.2 ± 0.5
2.05869 He i(N) 19.8 ± 2.0 1.2 ± 0.4
2.05869 He i(B) 5.2 ± 1.1 −
2.12183 H2 51.0 ± 1.5 9.2 ± 0.6
2.16612 Brγ(N) 45.6 ± 1.3 3.8 ± 0.4
2.16612 Brγ(B) 59.7 ± 6.4 −
2.22344 H2 13.8 ± 1.1 2.3 ± 0.4
2.24776 H2 6.5 ± 1.0 1.1 ± 0.3
2.40660 H2 53.9 ± 1.4 7.2 ± 0.5
2.41367 H2 15.1 ± 1.6 2.2 ± 0.8
2.42370 H2 38.1 ± 1.4 2.8 ± 0.4
data cube with the emission-line fluxes (F), centroid velocity
(V), and velocity dispersion (σ), as well as their correspond-
ing uncertainties and χ2 maps. These cubes were used to
construct the two dimensional maps presented in the next
sections. For the H recombination lines, all presented maps
are based on the narrow-component measurements.
In Table 1 we present the fluxes of optical and near-IR
emission lines measured for the nucleus and the blob region
using the spectra shown in Fig. 2.
3.2 Flux distributions
The flux distributions for the emission lines Paβ,
Hα, [Fe ii]λ1.2570 µm, [O iii]λ5007 A˚, H2 λ2.1218 µm and
[N ii] λ6584 A˚ are presented in Fig. 3. Although other emis-
sion lines are observed in the spectra of NGC4395, we con-
structed maps for the flux distributions and kinematics only
for these emission-lines, as they present the highest signal-
to-noise (S/N) ratio among their species. Although the [S ii]
emission-lines are detected at most locations of the GMOS
FoV, we do not show the corresponding maps, as they are
similar to that of [N ii] λ6584 A˚ line. The color bars show
the flux in logarithmic units of 10−17erg s−1cm−2spaxel−1.
Gray regions represent masked locations where the uncer-
tainty in the flux is larger than 30%, and we were not able
to get good fits of the line profiles due to the low S/N ratio
or non-detection of the corresponding emission line. The left
panels of Fig. 3 present the flux maps for the near-IR lines,
while the right panels present the maps for the optical lines.
In order to make a comparison between the distinct maps,
they are all shown in the same spatial scale.
The flux maps of Fig. 3 show that all emission lines
present their intensity peak at the nucleus of the galaxy,
and an elongated and curved structure is seen extending to
up to 2′′ southwest from the nucleus. This structure is co-
spatial with the blob seen in the HST broad band image
presented by Martini et al. (2003). This correspondence is
clearly seen in Fig. 4, where we present the HST image of
NGC4395 obtained through the filter F606W in gray scale
and show the flux contours for the Hα flux as green contours.
As the angular resolution of the GMOS data is lower than
that of NIFS data, the blob seems larger in the flux maps of
the optical lines. As our continuum images (right panels of
Fig. 1) do not show any enhanced emission to the southwest,
the only plausible interpretation is that the blob seen in
the HST image is due to contamination of the broad-band
continuum by line emission.
The flux maps for Hα, [O iii] and [N ii] are very simi-
lar. They show extended emission in almost the entire field
of view (FoV). The elongated structure to the southwest is
clearly observed. The Paβ, [Fe ii] and H2 lines present a more
compact emission compared to the GMOS data, probably
due to the higher resolution of the NIR data.
3.3 Emission-Line Ratios
We have used the emission-line fluxes to construct the
intensity-line ratio maps shown in Fig. 5 and Fig. 6 using
the optical and near-IR lines, respectively.
3.3.1 Optical lines
In the top-left panel of Fig. 5 we show a reddening map,
with values of E(B −V) obtained from the Hα/Hβ line ratio
by
E(B − V) = 1.38 log
(HαHβ )
2.87
. (1)
This equation was derived by adopting the
Cardelli, Clayton & Mathis (1989) reddening law and
the adopting the Hα/Hβ theoretical ratio for the Case
B assuming a electron temperature of Te=10 000K
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Figure 3. Near-IR (left panels) and optical (right panels) emission-line flux distributions of NGC4395. The color bars show the fluxes
in logarithmic units (erg s−1cm−2spaxel−1) and the gray regions correspond to locations where the lines where not detected or non good
fits were possible. The emission line are identified in each panel and the fluxes are not corrected by extinction. The green circles shown
in the Hα map correspond to the apertures used to extract the spectra shown in Fig. 2.
(Osterbrock & Ferland 2006) for the low-density limit. At
some locations the equation above returned values slightly
smaller then zero, which were set as zero in the E(B − V)
map. The E(B−V) map shows overall small values, with the
highest ones of up to 0.3 mag being seen at the nucleus.A
small dust extinction is expected for the central region of
NGC4395, as it does not present any signature of dust
structures close to the nucleus, as revealed by the V − H
color map presented by Martini et al. (2003).
In the top-right panel of Fig. 5 we show the [N ii]/Hα
flux ratio map. It presents a narrow range of values, between
0.22 and 0.35. The highest values are seen in the blob region.
Other locations show [N ii]/Hα values smaller then 0.3. The
[O iii]/Hβ ratio map (bottom-left panel of Fig. 5 shows the
highest values of up to 11 at the nucleus, while the smallest
values (6–8) are observed at the blob region.
The electron density (Ne) map is shown in the bottom-
right panel of Fig. 5. The Ne at each spaxel was derived
from the intensity ratio [S ii] λ6716/λ6731 using the temden
routine of the nebular package of the stsdas.iraf package,
assuming an electron temperature of the 10 000K. The Ne
values of ≈1800 cm−3 are observed at the nucleus. In the blob
region, typical values are Ne < 500 cm
−3.
3.3.2 Near-IR lines
The excitation mechanisms of the [Fe ii] and H2 emis-
sion lines can be investigated using emission-line ratio
maps. Fig. 6 shows the [Fe ii]λ1.2570 µm/ [P ii]λ1.8861 µm
(left panel), [Fe ii]λ1.2570 µm/Paβ (middle panel), H2
λ2.1218µm/Brγ (right panel) line flux ratio maps. These
maps are shown only for the inner 3′′×3′′. The first two
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Figure 4. Archival F606W HST image shown in grey scale. The
dashed rectangle shows the GMOS IFU field of view. Hα flux
contours from the GMOS data are shown as green contours.
line ratios are useful to investigate the origin of the [Fe ii]
emission and the third map can be used to investigate
the H2 emission origin (e.g. Rodr´ıguez-Ardila et al. 2004;
Rodr´ıguez-Ardila, Riffel & Pastoriza 2005; Riffel et al.
2013; Colina et al. 2015; Lamperti et al. 2017).
The [Fe ii]/[P ii] map shows values ranging from ≈3–
12, with the smallest values observed west of the nucleus at
distances smaller than 0.′′8. In the blob region values ranging
from 6–9 are observed.
The [Fe ii]/Paβ line ratio shows values ranging from 0.3
to up to 1.0, with the highest values observed east of the
nucleus and the smallest values, observed to the west. In
the blob region, high values are observed. The H2/Brγ line
ratio shows values in the range from 0.8 to 3.0, with the
highest values seen at the blob region, while at the nucleus
the H2/Brγ ≈1.2.
3.4 Velocity and velocity dispersion maps
In Figure 7 we present the centroid velocity fields after sub-
traction of the heliocentric systemic velocity of 325 km s−1 ,
which was obtained through a model fitted to the Hα ve-
locity field, as discussed in Sec. 4.5. The uncertainties in
velocity are smaller than 10 km s−1at most locations. Gray
regions in the figures represent locations where the S/N was
not high enough to allow the fitting of the line profiles.
The velocity fields derived for all emission lines are sim-
ilar, presenting blueshifts of up to 30 km s−1 to the east side
of the nucleus and similar redshifts to the west at distances
smaller than 1′′ from the nucleus. In addition, blueshifts of
up to 30 km s−1 are observed west of the nucleus, co-spatial
with the blob region.
Figure 8 shows the velocity dispersion maps (σ), cor-
rected for the instrumental broadening. The uncertainties
in the velocity dispersion maps are smaller than 10 km s−1at
most locations. All maps show higher σ values east of the
nucleus and smaller values are observed to the west. The
Paβ, Hα and [N ii] σ maps show the highest values of up to
60 km s−1to the east of the nucleus and lower values, down
to 40 km s−1, are seen to the west. The mean σ value at
the blob region is about 55 km s−1. A similar behavior is
observed in the [Fe ii] and [O iii] σ maps, but with over-
all higher σ values. The smallest σ values are observed in
the H2 σ map, which shows σ < 30 km s
−1 to the west and
30 < σ < 40 km s−1 are observed east of the nucleus. Pre-
vious studies indicate that the velocity dispersion of the
gas is similar to that of the stars (Greene & Ho 2005a; Ho
2009; Kong & Ho 2018). The stellar velocity dispersion for
the nucleus of NGC4395 (σ⋆ ≈ 30 km s
−1) was published by
Filippenko & Ho (2003), measured from the Ca ii absorption
features. This value is similar to that observed for the H2
and somewhat smaller than the σ values for the ionized gas.
In general the H2 presents the smallest σ values, fol-
lowed by the [N ii] and H recombination lines and the high-
est σ values are seen for the highest ionization lines of [Fe ii]
and [O iii].
4 DISCUSSION
4.1 Gas distributions
The emission-line flux distributions (Fig. 3) reveal the pres-
ence of an elongated to the southwest, co-spatial with a
blob seen in HST broad band images (Martini et al. 2003;
Den Brok et al. 2015). Due to the higher angular resolution,
this structure is better resolved in the near-IR emission-line
flux maps, while for the optical lines it appears as an elon-
gated and curved structure. Considering that the our contin-
uum images (Fig. 1) do not show any enhanced emission at
the blob location, the most plausible interpretation is that
the blob seen in the HST image is due to line emission of
ionized gas within the bandwidth of the F606W HST fil-
ter. This scenario was already suggested by Den Brok et al.
(2015) and in Sec. 4.5 we speculate on the origin of this blob.
The emission-line ratio maps (Figs. 5 and 6) show that
the lowest ionization gas is located at the blob regions, while
the high ionization gas is seen at the nucleus and and to
the east. This result is consistent with the X-ray images
of NGC4395 presented by (Akyuz et al. 2013), which show
that the (2–12) keV emission peak at the nucleus, while lower
energy (0.2–2 keV) emission is seen mainly to the east of the
nucleus.
The derived electron densities for NGC4395 (Fig. 5)
show values larger than 1300 cm−3 at the nucleus and the
smallest values are observed at the blob region, which is
also consistent with the observed ionization pattern. The Ne
value derived for the nucleus of NGC4395 is larger than the
mean value observed for Seyfert nuclei using long-slit spec-
troscopy (∼500 cm−3 – e.g. Dors et al. 2014). This difference
may be related to the fact that the values derived from long-
slit spectra are based on larger apertures, that include the
circumnuclear region. Indeed, the Ne map for NGC4395 is
consistent with the range of values derived for other Seyfert
galaxies using IFS (e.g. Freitas et al. 2018; Kakkad et al.
2018). In a recent work, Kakkad et al. (2018) presented elec-
tron density maps for the inner few kiloparsec of 13 nearby
active galaxies, derived from IFS and obtained as part of
the Siding Spring Southern Seyfert Spectroscopic Snapshot
Survey (S7). For all galaxies, they found highest values of
Ne at the nucleus and smaller values at the circumnuclear
region. The Ne map for NGC4395 shows a similar behavior.
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Figure 5. Emission-line ratio maps from the GMOS data. Top-left panel: E(B −V ) map obtained from the Hα/Hβ flux ratio. Top-right:
[N ii]λ6584/Hα map. Bottom-right: [O iii]λ5007/Hα map. Bottom-right: electron density map obtained from the [S ii] lines. Density units
are cm3. Gray regions correspond to masked locations due to the low S/N of one or both lines of the ratio.
Figure 6. Emission-line ratio maps from the NIFS data. From left to right, the [Fe ii]λ1.2570µm/[P ii] λ1.8861µm, [Fe ii] λ1.25704µm/Paβ
and H2 λ2.1218µm/Brγ ratio maps are shown.
4.2 Diagnostic Diagrams
To investigate the gas excitation, line-ratio diagnos-
tic diagrams are frequently used. The most popu-
lar one is a plot of [O iii]λ5007/Hβ vs. [N ii]λ6584Hα
line ratios, which is one of the Baldwin, Phillips &
Terlevich (BPT) diagrams (Baldwin, Phillips & Terlevich
1981). Several alternative diagrams for distinct spec-
tral bands and new calibrations to separate dis-
tinct classes have been proposed since the original
work (e.g. Veilleux & Osterbrock 1987; Larkin et al. 1998;
Kewley, Heisler & Dopita 2001; Kauffmann et al. 2003;
Kewley et al. 2006; Reunanen, Kotilainen & Prieto 2002;
Rodr´ıguez-Ardila et al. 2004; Allen, Dopita & Tsvetanov
1998; Feltre, Charlot & Gutkin 2016).
So far, most of the applications of diagnostic dia-
grams to the study of galaxies are based on single aper-
ture spectra, and thus with very limited spatial informa-
tion. Some recent studies have been using integral field spec-
troscopy to construct two-dimensional diagnostic diagrams
(e.g. Belfiore et al. 2016; Sanchez et al. 2015; Colina et al.
2015; Sarzi et al. 2010), which reveal the presence of extra-
nuclear kiloparsec scale low ionization emission-line re-
gions (LIERs) in both star-forming and quiescent galax-
ies. Some studies have concluded that this LIER emission
may be due hot, evolved (post-asymptotic giant branch
- post-AGB) stars and not due to the central ioniz-
ing source (Cid Fernandes et al. 2011; Singh et al. 2013;
Stasin´ska et al. 2015; Belfiore et al. 2016).
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Figure 7. Centroid velocity fields for the Paβ, Hα, [Fe ii], [O iii], H2 and [N ii]emission lines. The color bar shows the velocities in units
of km s−1 and gray regions represent masked locations where the S/N was not high enough to properly fit the emission lines. At most
locations the uncertainties are smaller than 10 km s−1.
In order to better map the gas excitation we have built
the emission-line ratio diagnostic diagrams shown in Fig. 9.
Each point corresponds to one spaxel. The blue lines, ob-
tained from Kewley et al. (2006), are the dividing lines be-
tween H ii-type galaxies (left) and AGN (right). The dot-
ted line from Cid Fernandes et al. (2010) separates the re-
gion occupied by Seyferts (above the line) and LINERs and
LIERs (below the line). The red and green diamonds shown
in this figure are for the nucleus and blob region, respec-
tively, as obtained from the measurements of the emission-
line fluxes using the spectra shown in Fig. 2 As seen in Fig. 9,
NGC4395 shows intensity-line ratios over the whole GMOS
FoV located in the AGN side of the [O iii]/Hβ vs. [N ii]/Hα
diagram. However, the region occupied by NGC4395 is dis-
placed to the left (smaller values of [N ii]/Hα), in comparison
to classical Seyfert galaxies (e.g. Cid Fernandes et al. 2010;
Freitas et al. 2018). This is an already known effect for AGN
in dwarf galaxies, caused by the low gas metallicities ob-
served in these objects (Ludwing et al. 2012; Cedre´s & Cepa
2002; Kraemer et al. 1999).
Further support for the results obtained using
the optical line ratios can be gathered from IR di-
agnostic diagrams. In particular, the line flux ratios
[Fe ii]λ 1.2570µm/Paβ vs. H2λ2.1218µm/Brγ, shown
in Fig. 10, also distinguish the excitation source
among starburst activity, Seyfert activity and LINERs
(e.g. Larkin et al. 1998; Rodr´ıguez-Ardila et al. 2004;
Rodr´ıguez-Ardila, Riffel & Pastoriza 2005; Riffel et al.
2010b). In this diagram, Starburst/H ii galaxies occupy
the bottom left corner of the plot, with both line ratios
< 0.6, LINERS show both ratios larger than 2 and Seyfert
nuclei are in the region between the Starburst and LINER
locations, with both line ratios in the range 0.6–2 (e.g.
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Figure 8. σ maps for the same emission lines of Fig. 7. The color bars show the σ values in units of km s−1.
Rodr´ıguez-Ardila, Riffel & Pastoriza 2005; Riffel et al.
2013).
As for the optical diagram, the [Fe ii]λ 1.2570µm/Paβ
vs. H2λ2.1218µm/Brγ (Fig. 10) reveals that most locations
of the central region of NGC4395 have flux-line ratios typ-
ical of Seyfert galaxies. At some locations, the H2/Brγ line
ratio falls in the LINER region of the diagram. It should be
noticed that the lines delimiting the different regions in the
[Fe ii]λ 1.2570µm/Paβ vs. H2λ2.1218µm/Brγ are based on
fluxes measured for the nuclear spectra of galaxies. Indeed, a
recent work by Colina et al. (2015) using IFS revealed that
the H2λ2.1218µm/Brγ ratio can be higher for the extra-
nuclear region of AGN-dominated sources, reaching values of
up to 8. Indeed both the nucleus and blob region present line
ratios in the Seyfert region of the diagram, as obtained from
the measurements of emission-line fluxes using the spectra
shown in Fig. 2.
We conclude that the nuclear and circumnuclear region
mapped by our observations are compatible with gas ioniza-
tion by the central source.
4.3 Molecular Hydrogen and Iron Emission Origin
The H2 and [Fe ii] emission lines can be excited by thermal
and non-thermal processes. The former is due to gas heating
by shocks or X-rays (e.g. from an AGN), the latter is by
soft- or far-UV absorption, at dense clouds (> 104 cm−3)
(Sternberg & Dalgarno 1989). As discussed in Sec. 4.2, all
line-ratio diagnostic diagrams for NGC4395 suggest that the
observed emission from all locations is due to gas excited by
the central AGN.
We can further investigate the origin of H2
emission using the H2λ2.2477/H2λ2.1218 line ratio
(Mouri 1994; Reunanen, Kotilainen & Prieto 2002;
Storchi-Bergmann et al. 2009). For values ranging from
0.1 to 0.2 the H2 emission is due to thermal processes
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Figure 9. [O iii]/Hβ vs. [N ii]/Hα (top), [O iii]/Hβ vs. [S ii]/Hα
(middle) and [O iii]/Hβ vs. [O i]/Hα (bottom) diagnostic dia-
grams for NGC4395 obtained from the GMOS data. The red
and green diamonds are obtained by measuring the line ratios
using the spectra shown in Fig. 2 for the nucleus and blob region,
respectively. The uncertainties in the line flux ratios for the inte-
grated spectra of the nucleus and blob are comparable to the size
of the points and thus are not shown in the diagrams. The error
bars represent the mean uncertainties in the line ratios.
Figure 10. [Fe ii]λ 1.2570µm/Paβ vs. H2λ2.1218µm/Brγ diag-
nostic diagram. The red and green diagram represent line ratios
for the nucleus and the blob region, as obtained from the spec-
tra shown in Fig. 2. The blue and magenta lines delimit regions
with ratios typical of starbursts, Seyferts and LINERs. The un-
certainties in the line flux ratios for the integrated spectra of the
nucleus and blob are similar to the size of the points and thus
are not shown in the plot. The error bars represent the mean
uncertainties in the line ratios
while values of ≈ 0.55 is attributed to non-thermal pro-
cesses. Using the spectra shown in Fig. 2, we obtain
H2λ2.2477/λ2.1218 ≈ 0.13 and ≈ 0.14 for the nucleus and
blob region, respectively. This supports an origin of the
H2 line emission by thermal processes, possibly associated
to the AGN. The H2 excitation temperature Texc can be
obtained using the measured fluxes of the H2 emission lines
together with the following expression (Scoville et al. 1982):
log
(
Fiλi
Aigi
)
= constant −
Ti
Texc
, (2)
where Fi is the flux of the i
th H2 line, λi is its wavelength, Ai
is the spontaneous emission coefficient, gi is the statistical
weight of the upper level of the transition, Ti is the energy
of the level expressed as a temperature and Texc is the exci-
tation temperature. The Eq. 2 assumes a ratio of transitions
ortho:para of 3:1 and is valid only for thermal equilibrium.
Figure 11 shows a plot of Nupp = Fiλi/Aigi (plus an
arbitrary constant) vs. Eupp = Ti , where filled symbols repre-
sent ortho transition and open symbols para transitions. The
best linear fit is shown as a continuous line, for the nucleus
(shown in red) and the blob region (shown in black). The
resulting excitation temperatures are TNUC = 1923 ± 294K
and TBLOB = 2002 ± 265K for the nucleus and blob, re-
spectively. This suggests that the vibrational and rotational
states of the H2 gas are in thermal equilibrium, supporting
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Figure 11. Relation between Nupp = Fi λi/Ai gi and Eupp = Ti for
the H2 emission lines for thermal excitation at the nucleus and
the blob. Ortho (S) transitions are shown as filled circles and para
(Q) transitions as filled circles.
that H2 excitation mechanism is due to thermal excitation
by the AGN the main responsible by molecular hydrogen
emission.
The [Fe ii]λ1.25µm/[P ii]λ1.188µm line ratio is an
important tracer of the origin of the [Fe ii] emission
(Oliva et al. 2001). Both [Fe ii] and [P ii] have emission lines
close in wavelengths and similar excitation temperatures.
Moreover, their parent ions have similar ionization potentials
and radiative recombination coefficients. H ii regions present
[Fe ii]λ1.25µm/[P ii]λ1.188µm≈ 2, while for supernovae rem-
nants where the [Fe ii] emission is due to shocks, the above
line ratio reaches values larger than 20 (Oliva et al. 2001).
Thus, values larger than 2 for the line ratio of [Fe ii]/[P ii] in-
dicate that shocks have passed through the gas destroy-
ing the dust grains, releasing the iron in the environment.
For values higher than 20, shocks are the dominant excita-
tion mechanism (Oliva et al. 2001; Storchi-Bergmann et al.
2009). In NGC4395 (see Fig. 6), at most locations the
[Fe ii]λ1.25µm/[P ii]λ1.188µm ratio values range from 2 to
7, with some high values (of up to 12) observed at distances
larger than 0.′′5 from the nucleus, where the uncertainty in
the line ratio is high. From the flux values quoted in Tab. 1,
we obtain [Fe ii]/[P ii] of ≈ 6.5 for the nucleus and ≈ 3.5
for the blob region. These values indicate that the [Fe ii]
emission in NGC4395 is mainly due gas photoionized by its
AGN radiation, but some contribution by shocks cannot be
discarded.
4.4 The broad line emission
The FWHM of the broad component measured for the H re-
combination lines using the nuclear spectrum shown in Fig. 2
is 785±40 km s−1. This value is smaller than that derived by
Kraemer et al. (1999), who obtained FWHM∼1500 km s−1
for the Hβ broad component using moderate resolution
(FWHM∼5–8 A˚) spectroscopy with a 3m telescope at the
Lick Observatory. Using the spectrum of NGC4395 ob-
tained by the SDSS (Abolfathi et al. 2018) we derive
FWHM=910 km s−1for Hα broad component, which is more
similar to the value obtained from GMOS spectra. The ori-
gin of the discrepancies among the values derived for the
FWHM using different observations is not clear. A possi-
ble explanation is that the discrepancies could be due to
the variability of the broad line region emission, making it
difficult to properly constrain the width of the broad line
component when its flux is low. In addition, we notice that
the centroid of the broad line components is blueshifted by
45 km s−1 relative to the velocities for the narrow lines, sug-
gesting outflows in the BLR.
The observed luminosity of the broad Hα component
can be used to estimate the AGN bolometric luminosity
(Lbol) as (Greene & Ho 2005b, 2007)
Lbol = 2.34 × 10
44 (LHα/10
42)0.86 . (3)
Using LHα = (1.2 ± 0.2)× 10
38 erg s−1, as measured
from the nuclear spectrum shown in Fig. 2, we obtain
Lbol = (9.9 ± 1.4) × 10
40 erg s−1. This is larger than that
derived by integrating the global spectral energy distribu-
tion of the nucleus of NGC4395 (Lbol = 1.9 × 10
40 erg s−1;
Moran et al. 1999). The AGN bolometric luminosity can
also be be estimated from the the hard X–ray luminosity
(LX) by Ichikawa et al. (2017)
logLbol = 0.0378(logLX)
2 − 2.03logLX + 61.6. (4)
For NGC4395, the hard X–ray (14-195 keV) luminosity is
LX ≈ (6.3 ± 0.6) × 10
40 erg s−1 as detected in the Swift/BAT
survey (Kyuseok et al. 2018). Thus, the estimated bolomet-
ric luminosity of the AGN of NGC4395 is Lbol = (4.9± 0.4) ×
1041 erg s−1. The value for the bolometric luminosity derived
from the Hα broad component is then intermediate.
We can estimate the mass of the central SMBH by
(Greene & Ho 2007)
(
MBH
M⊙
)
= (3.0+0.6
−0.5
)×106
(
LHα
1042 ergs−1
)0.45±0.03 (
FWHMHα
103km s−1
)2.06±0.06
.
(5)
Using the Hα luminosity and FWHM for the broad compo-
nent, listed above, we obtain MBH = (2.5
+1.0
−0.8
)×105 M⊙ , which
is consistent with the values previously estimated using re-
verberation mapping ((3.6 ± 1.1) × 105 M⊙ ; Peterson et al.
2005) and by modeling the molecular gas dynamics (4+8
−3
×
105 M⊙ ; Den Brok et al. 2015).
4.5 Gas kinematics
The velocity fields shown in Fig. 7 show redshifts to the
west of the nucleus and the blueshifts to the east. This be-
havior suggests the presence of a disk rotation component
with the line of nodes oriented approximately along the east-
west direction. Another possible interpretation for the origin
of this kinematic component could be the presence of a bi-
conical outflow driven by the central AGN of NGC4395.
However, the velocity dispersion maps (Fig. 8) show small
values (. 50 km s−1) in all locations and an enhancement of
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the σ values is expected within the cone in case of the pres-
ence of outflows due to the interaction of the winds launched
from the AGN and the ambient gas (e.g. Riffel et al. 2006;
Freitas et al. 2018). Because of that we conclude that the
gas kinematics close to the nucleus is due to rotation of gas
in the plane of the disk. In addition, non-circular motions
of gas are seen to the west, as indicated by the blueshifts
observed at the blob region.
We fitted a simple analytical model to the Hα cen-
troid velocity field of NGC4395, assuming that the gas has
circular orbits in a plane of the galaxy, as done in previous
works (e.g. Couto et al. 2013; Schnorr–Mu¨ller et al. 2014a,b;
Lena et al. 2015, 2016; Brum et al. 2017; Hekatelyne et al.
2017). The expression for the line-of-sight velocity is given
by Bertola et al. (1991):
Vmod(R,Ψ) = Vs+
AR cos(Ψ − Ψ0) sin(i) cos
p(i){
R2[sin2(Ψ − Ψ0) + cos
2(i) cos2(Ψ − Ψ0)] + C
2
o cos
2(i)
}p/2 ,
(6)
where Vs is the systemic velocity of the galaxy, A is the ve-
locity amplitude, Ψ0 is the position angle of the line of nodes,
i is the disc inclination in relation to the plane of the sky, C0
is a concentration parameter, defined as the radius where
the rotation curve reaches 70 per cent of its velocity am-
plitude, the parameter p measures the slope of the rotation
curve where it flattens, in the outer region of the galaxy
and it is limited between 1≤p≤3/2 (for p=1 the rotation
curve at large radii is asymptotically flat while for p=3/2
the system has a finite mass), and R is the radial distance
to the nucleus projected in the plane of the sky with the
corresponding position angle Ψ.
We used an interactive data language (IDL) routine to
fit the above equation to the observed Hα velocity field us-
ing the mpfitfun routine (Markwardt et al. 2009) to per-
form the non-linear least-squares fit. As all lines show sim-
ilar velocity fields, we chose the Hα to perform the fit, as
it is the strongest emission line observed at most locations
of the galaxy. During the fit, the position of the kinemati-
cal center was kept fixed to the location of the peak of the
continuum emission, we fixed p = 1.5, as done in previous
works (e.g. Brum et al. 2017; Hekatelyne et al. 2017) and
the inclination of the disk was fixed to i = 37◦, as derived
by Den Brok et al. (2015) constructing dynamical models
for the gas velocity field measured using NIFS data. As the
blueshifts observed at the blob region trace non-circular mo-
tions, we excluded this region during the fit, by excluding
all spaxels west of the nucleus observed in blueshifts.
Figure 12 shows the observed Hα velocity field in the left
panel, the best fit model in the middle panel and the residual
map, obtained by the difference between the observed veloc-
ities and the model, is shown in the right panel. Although
the velocity amplitude in the central region of NGC4395 is
small, the rotation disk model is a very good representation
of the observed gas velocity field, with the exception of the
blob region. The residuals map shows values very close to
zero (<5kms−1) at most other locations.
The parameters derived from the fit are: Vs = 326 ±
7 km s−1 (corrected for the heliocentric rest frame), A =
16±3 km s−1, C0 =0.
′′21±0.′′03 (4.2±0.6 pc), Ψ0 = 78
◦±3◦. The
systemic velocity resulting from the modeling is consistent
with the value derived from H i 21 cm line emission observa-
tions of NGC4395 (319±1 km s−1 Haynes et al. 1998), while
the orientation of the line of nodes is displaced by 39◦ in
relation to the value obtained for the large scale disk using
K band images from the 2MASS Extended Source Catalog
(Jarrett et al. 2003). A possible interpretation for the differ-
ence between the kinematic position angle in the inner region
and the orientation of the large scale disk is that it is due to
a kinematically distinct core (KDC), as observed for other
galaxies (Raimundo et al. 2013, 2017; Emsellem et al. 2004;
Davies et al. 2014). However, this interpretation should be
taken with caution, as Ψ0 value may not be properly con-
strained in our modeling due to the small field of view of the
observations.
We note that the concentration parameter C0 is very
small, only 4.2 pc, meaning that a very compact nuclear
mass distribution is driving the motions of the gas in the
central region. Indeed, the observed gas velocity field shows
the maximum velocity amplitude very close to the nucleus
at a distance R ∼0.′′5 (10 pc) from it. Assuming a simple
Keplerian rotation, the mass contained within this radius
can be obtained by M =
2RV 2
m
Gsin2 i
, where Vm is the maximum
projected velocity amplitude and G is the Newton’s gravita-
tional constant. Using Vm = 25 km s
−1 and i = 37◦, we obtain
M ≈ 7.7 × 105 M⊙ . It is well known that NGC4395 harbors
a young (100–300Myr) nuclear stellar cluster (Carson et al.
2015) and thus the derived above mass may be dominated
by this stellar cluster (Filippenko et al. 1993). The mass
value derived above is somewhat smaller than that found
by Filippenko & Ho (2003) for the mass of the compact nu-
cleus of NGC4395 (within 3.9 pc; ∼ 6.2 × 106 M⊙) and is
about twice the mass of the SMBH as derived by dynamical
models (Den Brok et al. 2015) and reverberation mapping
(Peterson et al. 2005).
4.6 The nature of the “blob”
In the residual map, at the blob region an excess blueshift
of ≈30 kms−1 is observed. Considering that the spiral arms
seen in the large scale image (Fig. 1) are of the trailing type,
and using the observed velocity fields (Fig. 7) we conclude
that the south-southwest is the far side of the galaxy and
the north-northeast is the near side. The blob presents a
small velocity dispersion, on average, of 40 km s−1(Fig. 8)
and lower ionization gas, as indicated by the line ratio maps
of Fig. 5, indicating that the gas is located at the plane of
the galaxy.
Two alternatives can be suggested to explain the origin
of this structure. In the first case, it is a result of a minor
merger of a gas rich small satellite. Similar scenarios are
found for other galaxies. For example, Fischer et al. (2015)
report an ongoing minor merger with a gas-rich dwarf galaxy
inflowing towards the nucleus of Mrk 509 and Mezcua et al.
(2018) found that a minor merger identified in the Seyfert
galaxy NGC5252 shows radio emission consistent with an in-
termediate mass black hole with mass 103.5 < MBH . 2×10
6
M⊙ . The detection of a minor merger in a dwarf AGN opens
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Figure 12. From left to right: Hα velocity field, rotating disc model for the Hα velocity field and residual map (between the observed,
modeled velocities). The color bars show the velocities in km s−1. The dotted line displays the orientation of the line of nodes and the
continuous green line shows the orientation of the photometric major axis of the galaxy from Jarrett et al. (2003). The near and far side
of the galaxy are indicated in the middle panel.
new window to understand the feeding process of small black
holes.
Another possible scenario for the origin of the blob
is that it could be a low-mass/low-metallicity cosmic gas
cloud accreted onto NGC4395, creating a localized starburst
with distinct kinematics and lowered gas-phase metallici-
ties (Sa´nchez Almeida et al. 2015). This scenario is expected
in the Lambda-Cold Dark Matter context (Ceverino et al.
2016).
4.7 Estimating the mass inflow rate
We can estimate the mass of the ionized gas in the blob
region as
MHII = mpneV f , (7)
where mp is the proton mass, ne is the electron density, V is
the volume of the emitting region and f is the filling factor.
The filling factor can be estimated by
LHα ∼ f N
2
e jHα(T)V, (8)
where jHα=3.534×10
−25 cm−3 s−1 for an electron tempera-
ture of T=10,000 K (Osterbrock & Ferland 2006) and LHα
is the Hα luminosity emitted by a volume V. By replacing
Eq. 8 into Eq. 7, we obtain
MHII =
mpLHα
Ne jHα(T)
. (9)
As the spatial resolution of our near-IR data is better
than that of the GMOS data and the dust extinction in
the near-IR is less important, we use the theoretical ratio
between the Hα and Brγ (LBrγ) luminosities, as estimated
adopting the case B of recombination for T=10,000 K at the
low-density limit (LHα = 102.1 LBrγ; Osterbrock & Ferland
2006). By replacing LHα, mp and jHα(T) in Eq. 9 and rewrit-
ing it, we obtain:
(
MHII
M⊙
)
= 2.9 × 1019
(
FBrγ
erg s−1 cm−2
) (
D
Mpc
)2 (
cm−3
Ne
)
, (10)
where FBrγ is the flux of the Brγ emission line.
The total Brγ flux emitted by the blob region is FBrγ ≈
1.3×10−16 erg cm−2 s−1, measured within a circular aperture
of 0.′′5 radius centered at the blob. As the reddening in the
blob regions is very small, the correction of the above flux by
extinction is negligible. The average electron density in the
blob region is 480 cm−3 as determined from the [S ii] 6717,31
line ratio (see Fig. 5 and Sect 3.3.1). The mass of the ionized
gas is, therefore MHII ≈ 150M⊙ .
As discussed above, we interpret the blueshifts seen at
the blob region (24 pc west of the nucleus) as resulting from
emission of gas inflowing towards the nucleus. The observed
blueshifts are ∼30 kms−1 (Fig. 12). Assuming that the in-
flows occur in the plane of the galaxy, the deprojected in-
flowing velocity is vin ≈ 49 km s
−1, using the disk inclina-
tion of i = 37◦. If the blob is moving directly to the center
with this velocity it would take td ≈ 4.8 × 10
5 yr to reach
the nucleus, assuming a distance of the nucleus of 1.′′2 for
the blob. The corresponding mass-inflow rate of ionized gas
is φ = MHIItd ≈ 3.2 × 10
−4 M⊙yr
−1. This value is one order
of magnitude smaller than those found for nearby Seyfert
galaxies (10−3– 10−1 M⊙yr
−1; e.g. Riffel 2013). Considering
that NGC4395 is a dwarf low-mass galaxy, a smaller value
for the inflow rate is expected.
4.8 Molecular and ionized gas surface mass
density
The fluxes of the H2λ2.12 µm and Brγ emission lines can
be used to estimate the mass of hot molecular and ionized
gas, respectively. The mass of ionized gas was estimated us-
ing Eq. 10.The mass of hot molecular gas (MH2) can be
estimated from (e.g. Scoville et al. 1982; Riffel et al. 2014,
2018):
(
MH2
M⊙
)
= 5.0776 × 1013
(
FH2λ2.1218
erg s−1 cm−2
) (
D
Mpc
)2
, (11)
where FH2λ2.1218 is the flux for the H2λ2.1218µm emis-
sion line and a vibrational temperature of T =2000K
was adopted (e.g. Riffel et al. 2008, 2018, 2010a;
Storchi-Bergmann et al. 2009; Scho¨nel et al. 2014, 2017).
Considering the observed E(B−V) values, the correction
of the fluxes of the K-band lines due to dust extinction is
small (<7% at all locations) and thus we use the observed
fluxes to derive the gas masses. Calculating the molecu-
lar and ionized gas masses for each spaxel and integrating
over the whole NIFS FoV, we obtain MHII ≈ 5.9 × 10
4 M⊙
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and MH2 ≈ 2.2M⊙ . To calculate MHII we used the Ne
values derived from the [S ii] lines. at each spaxel. The
MHII and MH2 derived for NGC4395 are about one order
of magnitude smaller than the values derived for the in-
ner few hundred of parsecs of nearby Seyfert galaxies –
3.5 × 104 <MHII < 4.4 × 10
6 M⊙ and 50 < MH2 < 2800M⊙
– using the same methodology (Riffel et al. 2018). However
it should be noticed that the spatial coverage of the NIFS
data on NGC4395 (tens of parsecs) is smaller than those on
the Seyfert galaxies of the above study.
A better way to trace the molecular and ionized gas
content is by calculating their surface mass densities, which
are less sensitive to the size of the FoV. We calculated the
ionized and molecular gas masses spaxel-by-spaxel and con-
structed the surface mass density (Σ) maps shown in Fig. 13.
The ionized gas surface mass density (ΣHII ) show the high-
est values of ∼2 M⊙ pc
−2 at the nucleus, while a secondary
peak is seen at the blob region with ΣHII∼1 M⊙ pc
−2. The
hot molecular gas mass surface density (ΣH2) shows a sim-
ilar distribution, with values of ∼ 4 × 10−3 M⊙ pc
−2 and
∼ 1 × 10−3 M⊙ pc
−2 for the nucleus and blob region, respec-
tively. The values of ΣHII and ΣH2 observed for NGC4395
are in the range of values typically observed for Seyfert
galaxies (Riffel et al. 2018), for which 0.2 < ΣHII < 36
M⊙ pc
−2 0.2 × 10−3 < ΣH2 < 14 × 10
−3 M⊙ pc
−2.
The bottom panel of Fig. 13 shows the ratio between
ionized and molecular gas masses. The smallest values of
∼ 300 are observed at the nucleus, while the highest val-
ues of up to 700 are seen at the blob region. The smaller
ratio at the nucleus indicates that part of the molecular hy-
drogen is being dissociated by the radiation of the central
AGN. Riffel et al. (2018) derived ratios ranging from ∼200
to ∼8000 for nearby Seyfert galaxies and thus, the values
observed for NGC4395 are consistent with their measure-
ments, being similar to the lowest observed ratios.
4.9 Feeding the AGN of NGC 4395
The mass accretion rate to the AGN can be estimated to
compare to the accretion rate necessary to power the AGN
at the nucleus of NGC4395, which can be derived by
Ûm =
Lbol
c2η
, (12)
, where Lbol is the nuclear bolometric luminosity, η is the
efficiency of conversion of the rest mass energy of the ac-
creted material into radiation and c is the light speed. Lbol ≈
9.9 × 1040 erg s−1, as estimated in Sec. 4.4. Assuming η ≈ 0.1,
which is a typical value for a “standard” geometrically thin,
optically thick accretion disc (e.g. Frank et al. 2002), we ob-
tain a mass accretion rate of Ûm ≈ 2.5 × 10−5 M⊙ yr
−1. This
value is about one order of magnitude smaller than the de-
rived mass-inflow rate, indicating that most of the gas that
reach the central region of NGC4395 is not used to power
its AGN, but most probably is consumed by star formation.
This conclusion is further supported by the detection of an
young nuclear star cluster in NGC4395 (Filippenko & Ho
2003; Carson et al. 2015).
Considering the estimated masses of ionized and hot
molecular gas (MHII ≈ 5.9 × 10
4 M⊙ and MH2 ≈ 2.2M⊙) and
the derived mass accretion rate, we conclude that the ion-
ized gas reservoir alone would be enough to feed the AGN
Figure 13. Surface mass density of ionized (top) and molecular
(middle) gas and ratio between ionized and molecular gas masses
(bottom). The color bars show the surface mass densities in units
of M⊙ pc
2 for the ionized gas and of 10−3 M⊙ pc
2 for the molecular
gas.
of NGC4395 for an activity cycle of 107 – 108 yr. In addi-
tion, it is known that the ratio between the cold and hot
molecular gas masses in the central regions of galaxies is in
the range 105 − 108 (Dale et al. 2005; Mu¨ller-Sa´nchez et al.
2006; Mazzalay et al. 2013) thus the total amount of gas in
the inner 50 pc of NGC4395 may be at least of the order
of 105 M⊙ . Thus, the available mass reservoir, besides feed
the AGN, may also be used to form new stars. This sce-
nario is supported by the detection of a nuclear star cluster
in NGC4993 (Filippenko & Ho 2003; Carson et al. 2015), as
well as by studies of nearby Seyfert galaxies that reveal the
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evidence of recent star formation (e.g. Riffel et al. 2015a,
2017).
5 CONCLUSIONS
NGC4395 is an interesting galaxy mostly for two reasons:
(i) it is very nearby so we can get a very detailed look at a
Seyfert galaxy, and (ii) it is a rare, confirmed dwarf AGN
that could be a local analogue of small black holes that are
growing in the early universe. We presented optical and near-
IR IFS of the inner 65×100 pc2 of NGC4395 at angular reso-
lutions of 0.′′2 (4 pc) in the J-band, 0.′′3 (6 pc) in the K-band
and 0.′′5 (10 pc) in the optical. This enabled us to estimate an
extensive set of ionized and molecular gas properties, which
are summarized and interpreted as follows:
• The optical and near-IR emission-line flux distributions
show extended emission. The line emission peaks at the nu-
cleus but is also extended in a blob at 1.′′2 (24 pc) west of
the nucleus. The line ratios at all locations suggest that the
gas is ionized by high-energy photons from the AGN (as
opposed to shocks);
• The gas velocity fields are consistent with two kinematic
components, one due to gas rotation at the plane of the disk
of the galaxy plus another due to inflows of gas at the blob
region;
• The rotation kinematic component is well modeled by
a simple analytical model, which suggests a very compact
mass distribution, with the rotation curve reaching its max-
imum at only 10 pc from the nucleus. We estimate a mass
of 7.7 × 105 M⊙ inside this radius, which is about twice the
estimated mass of the SMBH of NGC4395 and similar to
the mass of the nuclear star cluster previously known;
• Gas in the blob region is blueshifted by ≈30 kms−1 com-
pared to the surrounding material. This is interpreted as gas
flowing towards the nucleus at a rate of ≈ 3.2×10−4 M⊙yr
−1.
The origin of the inflowing material is not clear, but it may
be an ongoing minor merger of a gas-rich small galaxy, or
the accretion of a low-metallicity cosmic cloud.
• The mean surface mass density for the ionized and
molecular gas are in the ranges (1–2)M⊙pc
−2 and (1–
4)×10−3 M⊙pc
−2. The ratio between the ionized and molecu-
lar gas are ∼300 at the nucleus and ∼700 at the blob region.
The gas surface densities derived for NGC4395 lie at the
lower end of the range of values observed for typical Seyfert
galaxies.
• The mass of ionized and hot molecular gas within the
inner 50 pc are MHII ≈ 5.9 × 10
4 M⊙ and MH2 ≈ 2.2M⊙ ,
respectively. Considering that the hot molecular gas repre-
sents only a small fraction of the total amount of molecular
gas, the estimated mass reservoir would be at least 1 orders
of magnitude larger than the mass needed to feed the AGN
of NGC4395 for an AGN cycle.
• The FWHM of broad component of the H α emission
line is ∼785 kms−1 and the line-of-sight velocity of the BLR
is blueshifted by 45 kms−1, relative to the narrow compo-
nents. From the luminosity of the broad Hα component,
we estimate a bolometric luminosity of Lbol = (9.9 ± 1.4) ×
1040 erg s−1 for the AGN and estimate the mass of the SMBH
as MBH = (2.5
+1.0
−0.8
) × 105 M⊙ , which is consistent with previ-
ous measurements.
NGC4395 differs from typical Seyfert galaxies because (a)
the mass inflow rate is lower, and (b) gas inflow in Seyferts
tends to happen along nuclear dust spirals and bars, whereas
NGC4395 seems to be undergoing a minor merger or accre-
tion event.
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